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Abstract 
The protective AR(anti-reflection) film of infrared wavelength is an important optical film used in army field, it can protect and
improve the performance of IR windows or domes. The design and preparation of SiO2 film used for protection and avoiding-
reflection in IR wavelength are discussed in this article. In order to resolve the problem of water absorbing in 2900nm, we 
prepared the film by Ion Beam Assisted Deposition (IBAD) and annealed it after preparation. At last, we get a good SiO2 film 
deposited on big spherical surface, which has very good optical and mechanical character. 
PACS: 07.35.+K; 07.06.VG 
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1 Introduction 
The infrared windows/domes are the key points in the spaceflight and the aviation, such as special glass, LED 
substrate, ZnS substrate, and so on. These elements’ performance of optical and mechanical always determines the 
quality of photo-electricity signals. With the developing of spaceflight and aviation, super-sound airplane and air-to-
air missiles have come into being, so the infrared windows/domes will be confronted with more rigor condition of 
use, and should endure the high temperature and the high pressure which caused from high speed of flight. In some 
scurvy conditions, such as in raining days, especially in the areas with much more sand and flow, the elements will 
endure the erode of the sand, the flow and the rain. In order to content the purpose, we should improve the optical 
and mechanical performance of infrared windows or commutate covers. Up to now, many countries have devised 
several infrared windows, but none of which can content all of the purposes. Figure 1 shows the damages of 
corning0160 infrared glass cover after 760 minutes flight with 1.4 gee in manual rain field where the rain is smaller 
than 0.5mm. The result of the test is that the cover without protective films can not be used in special conditions. It 
is found that coating protective infrared AR film with high rigidity on the infrared windows surface is a good way 
for contenting the use of windows in rigor conditions. The film not only can protect the substrate, but also add the 
transmittance of it.  
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Figure 1 Environment damages in high speed flying IR windows 
The calcium aluminate glass (called as THW glass) is one usual infrared glass used for battle plane’s front 
windows, which is translucent during visible and infrared spectrum rang. Its average refractive index is 1.6861 
during visible wave bands, and the transmittance will decrease by 13% if there isn’t AR film on either side of the 
THW windows. During middle-infrared wave bands, the average refractive index is about 1.6196, and the 
transmittance will decrease by 11% without AR film. Moreover, some spots will appear if the glass meets water, 
which can disturb the gathering the signal greatly. Therefore, we should coat one multi-function optical film which 
not only can add the transmittance of the glass, but also protect the glass’s surface. This article will discuss the work 
of studying one SiO2 film coated on THW substrate. We have had the good result by changing the preparation and 
annealing the substrate with SiO2 film. 
2 Design of SiO2 film 
The AR film is one of usual optical thin film. It can be classed to be monolayer and multilayer AR films by the 
AR film’s structure. According to the optical film theory, the surface’s reflection of monolayer AR will be zero just 
when n12=n0n2. In the equation, n1 is the dielectric constant of the film’s material, n0 is the dielectric constant of 
the incidence media, and n2 is the substrate’s dielectric constant. The thickness of the film is one fourth of the 
wavelength. The multilayer AR film can be designed using two layers, four layers, ever more than twenty layers. 
The purpose of it is to extend the spectrum range where the AR film can work. Materials with low dielectrics 
constant are very few, During IR spectrum range, the low dielectrics constant material contains SiO2, YF3, YbF3 and 
others. But YF3, and YbF3 can not be used for protective films because their bad mechanical and chemical character.  
Therefore, we decided to choose SiO2, as the low dielectrics constant material to design AR films during IR 
spectrum rang. The substrate is THW glass, and its dielectrics constant n2 is 1.64. According the equation1, we 
accounted that the film’s surface reflection will be 0.0288, where n1=1.52ǃn0=1.00ǃn2=1.64. If we prepare SiO2
on both surface of the substrate, the reflection will be less.  
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3 The preparation and the experiment 
In order to improve the rigidity of the SiO2 film, we use Ion Beam Assisted Deposition (IBAD) to prepare the 
film and anneal it. The temperature of anneal is about 400ćǃ600ćǃ700, and every annealing time is 5 hours. 
We found that the rigidity of the film can be improved obviously as well as the transmittance at the 2900nm will 
increase largely by annealing. The problem of water absorbing at 2900nm is resolved which is the most important 
actor decreasing the transmittance of the SiO2 film. 
3.1 preparation of SiO2 film 
  There are several ways to prepare SiO2 film, which contains PVD and CVD. To prepare the protective SiO2 film 
we usually choose PECVD, which can deposit films with good rigidity. But there are some defect using PECVD to 
prepare SiO2 film such as bad uniformity on larger substrates. Experience show that, with ion beam assisted 
deposition, a growing thermal evaporated thin film was bombarded with an energetic ion beam, which will increase 
energy of deposited particles and pack density of thin films and made optical constant of thin films very close to that 
of bulk material. The machine used is Intergrety36, which has two electron guns and one CC/105 ion resource. The 
process parameters used to produce the coatings: Base pressure is 6×10-5Pa, chamber pressure is 7×10-3Pa,
deposition rate is 2nm/s and substrate temperature is 300ć. After deposition, we let machine cool naturally to room 
temperature, and then took the samples. 
3.2 annealing test 
We found that SiO2 films prepared by using evaporation have an obvious water absorbing at 2900nm. One of the 
reasons is that SiO2 film absorbs water and forms the Si-OH and bond O-H which will cause O-H shaking. The most 
important what we shall do is to decrease the water absorbing, so we decide to using anneal. What’s more we 
considered is that we can improve the rigidity of SiO2 film in the way of annealing the SiO2 film. The temperature 
we set are 400ćǃ600ćǃ700ć, and the keeping times are all 5 hours. After annealing, we test the transmittance 
and rigidity of the samples. 
4 The result and the analyses  
The aim of coating SiO2 films on THW substrate is to protect the THW glass and to add its transmittance.  
4.1 The measurement of SiO2 films 
We used system2000 IR spectrum instrument and the Lambda900 to measure the spectrums of the substrate and 
the samples before and after annealing. The sample has an obviously water absorbing around 2900nm, so at 2900nm, 
the transmittance of it is just75.4%, which is less than the substrate’s transmittance. After anneal, the transmittance 
of the sample had great changed, at different temperatures we set the improvement have little different. The best 
annealing temperature is 600ć, we have got the result at the annealing temperature. Figure2 and Figure3 are the 
transmittances of the samples, and the result is shown in Table 1. The average improvement is about 5.43% during 
visible spectrum while it is about 6.92% during IR spectrum. The most important thing is around 2900nm there is 
not the water absorbing at all.  
Table 1   the comparison of transmittance between substrate and deposited SiO2 film
Wavelength/nm 400n 1000 1500 2000 2500 3000 3500 4000 4500
substrate (%) 77.5 86.7 87.4 87.3 87.5 78.2 81.4 82.0 67.7 
with SiO2(%) 85.0 92.3 92.6 93.1 95.7 79.7 89.3 89.3 71.9 
Addition(%) 7.5 5.6 5.2 5.8 8.2 1.5 7.9 6.7 4.2 
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Figure 2  The results of measuring in visible wavelength 
Figure 3 The comparison of transmittance before and after annealing with substrate 
4.2 The rigidities of SiO2 film before and after annealing 
We used NHTS/N:06-0146 to measured the rigidity of the SiO2 films before and after annealing. The depth of 
nick is about 30nm̚50nm, and the pressure of the probe is about0.15mN̚0.20mN. The result is that: (1) the best 
annealing temperature is 600ć; (2) the difference of rigidity with the different position of the films on the 
simulation. NO.3 is the best and the 1 is the worst. We analyzed the rigidity difference of the films and made a 
conclusion that the rigidity of films with different position over the source is different, moreover, it is to the position 
to the ion beam resource. No.1 is in the shadow of the ion beam where ion beam is very small, so the films is not 
very good; (3) after annealing, the rigidities of films had obviously changed, the rigidities of three films have little 
difference. We can improve the rigidity of the SiO2 films by annealing it. Table 2 shows the rigidities of SiO2 film 
before and after annealing.  
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In order to measure the stress between the film and the substrate we took a adhesion test. We found that the film 
is still ok after being uncovered the adhesive tape sticked on it several times. Moreover, we kept the substrates with 
the film in water for two days, after that, we test the samples and found that the spectrum of them was ok. So we 
made a conclusion that we can use IBAD to prepare the SiO2 film with less stress. The films we prepared can be 
used as protective films.  
Table2 the rigidities of SiO2 film before and after annealing
Before annealing  After annealing/600ć
Pattern
HV (kgf/mm2) HV(average) 
(kgf/mm2)
HV  (kgf/mm2) HV(average) 
(kgf/mm2)
387.56 568.03 543.84 
369.74 407.12 435.33 
332.08 605.51 357.60 
1
187.19 
363.13 
591.61 580.82 
511.22 
250.45 862.14 282.52 
688.32 333.23 280.31 
523.46 729.33 553.72 
2
348.32 
440.22 
467.49 681.46 
523.76 
360.19 345.38 287.27 
368.73 785.08 904.01 
624.4 593.39 688.65 
3
543.36 
474.17 
417.03 544.1 
530.83 
remark˖1kgf/mm2=9.8Mpa 
5. Conclusion 
The task has designed one multifunction SiO2 films coated on THW glass substrate. In order to resolve the 
problem of water absorber at 2900nm and improve the rigidity of the film, we decided to anneal the SiO2 film, the 
best annealing temperature is 600ć, and the time should be longer than 5 hours. After annealing, the transmittance 
of the film can increase by 5.43% during visible wavelength and during the middle infrared wavelength the increase 
will be 6.92%. At the same time, the rigidity of SiO2 film can be improved obviously. The SiO2 film we designed 
and prepared can be used for protective AR film. 
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